








RIWKHDUP\ZRUP Pseudaletia separata :DONHU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,QVHFW JURZWK UHJXODWRUV FRQWURO LQVHFW
SRSXODWLRQ EHLQJ NQRZQ SULPDULO\ DV UHJXODWRUV
RI PRXOWLQJ PHWDPRUSKRVLV DQG PDQ\ RWKHU
SK\VLRORJLFDO DQG GHYHORSPHQWDO SURFHVVHV
:LOOLDPV  )R[  0RQGDO HW DO 
1RQVWHURLGDO GLEHQ]R\OK\GUD]LQHV VXFK DV
5+ DQG 5+ H[HUW WKHLU LQVHFWLFLGDO
HIIHFW E\ ELQGLQJ WR WKH K\GUR[\HFG\VRQH
ELQGLQJ VLWH DQG DFWLYDWLQJ WKH HFG\VWHURLG
UHFHSWRUV SHUPDQHQWO\ :LQJ  :LQJ HW DO
 6PDJJKH HW DO  :XUW] HW DO 
7KHLU FRPSUHKHQVLYH HIIHFWV DQG KLJK VHOHFWLYLW\
DV ZHOO DV ORZHU WR[LFLW\ WR QRQWDUJHW DQLPDOV DQG





UHSRUWHG DV D QHZ JURZWK LQKLELWRU WKDW SRVVHVVHG
FRQVLGHUDEOH LQKLELWRU\ DFWLYLW\ RQ ZHLJKW JDLQ RI
OHSLGRSWHUDQV VXFK DV Ostrinia furnacalis
Plutella xylostella Pieris rapae Bombyx mori
DQG Pseudaletia separata +XDQJ HW DO 
4LDQ HW DO  )XUWKHU UHSRUWV DERXW 2'3
ZHUH PDLQO\ IRFXVHG RQ D GHULYDWL]LQJ VHULHV RI
QRYHO FRPSRXQGV WR ILQG VDWLVIDFWRU\
VWUXFWXUH±DFWLYLW\ UHODWLRQVKLSV ZLWK WKH DLP RI
GHVLJQLQJ PRUH SRWHQW DQDORJXHV &DR HW DO 
 1R GHWDLOHG VWXG\ KDG EHHQ GRQH WR
HYDOXDWH LWV LQVHFWLFLGDO SURSHUWLHV DQG GHWHUPLQH
LWVPRGHRIDFWLRQ
7KH SUHVHQW VWXG\ DLPHG WR LQYHVWLJDWH WKH HIIHFW
RI 2'3 RQ WKH SURFHVV RI JURZWK RI ODUYDH RI WKH
DUP\ZRUP P. separata :DONHU /HSLGRSWHUD
1RFWXLGDH E\ IHHGLQJ ZLWK GUXJFRDWHG PDL]H
OHDYHV DW GLIIHUHQW VWDJHV LQ FRPSDULVRQ ZLWK
WRRVHQGDQLQ D WHWUDQRUWULWHUSHQRLG H[WUDFWHG
IURP WKH EDUN RI Melia toosendan ZLWK PXOWLSOH
PRGHV RI DFWLRQ RQ LQVHFWV DV D IHHGLQJ GHWHUUHQW
DQG DQ LQVHFWJURZWK UHJXODWRU WKDW GLVUXSWV WKH
PROWLQJ SURFHVV ,Q PDPPDOV LW DFWV DV D
SUHV\QDSWLF EORFNHU DW WKH QHXURPXVFXODU
MXQFWLRQ 6FKRRQKRYHQ HW DO  :X HW DO
 &XL HW DO  )XUWKHU REMHFWLYHV ZHUH WR




2[DGLD]RO\O +S\ULGD]LQRQH  SXULW\ ZDV
FRQILUPHG E\ XVLQJ +105 ,5 *606 DQG
HOHPHQWDO DQDO\VLV 7RRVHQGDQLQ  SXULW\ ZDV
REWDLQHG IURP 6KDQJKDL 3HVWLFLGH ,QVWLWXWH
&KLQD $OO WKH FRPSRXQGV XVHG IRU ELRDVVD\V ZHUH
GLVVROYHG LQ 1 1GLPHWK\OIRUPDPLGH '0) DQG
VWRUHG LQ D IUHH]HU ï& XQWLO XVHG 7KH VWRFN
VROXWLRQV LQ '0) ZHUH GLOXWHG WR WKH UHTXLUHG
FRQFHQWUDWLRQV ZLWK ZDWHU FRQWDLQLQJ 7ULWRQ
;ï PO OLWHUï 7KH VWUXFWXUHV RI 2'3 DQG
WRRVHQGDQLQDUHVKRZQLQ )LJXUH
,QVHFWV
7KH DUP\ZRUP ODUYDH Pseudaletia separata
:DONHU /HSLGRSWHUD 1RFWXLGDH ZHUH IURP RXU
RZQ ODERUDWRU\ FXOWXUH 7KH\ ZHUH NHSW DW  
& a 5+ XQGHU ORQJ GD\  /'
FRQGLWLRQV DQG ZHUH IHG IUHVKO\ FXW PDL]H
VHHGOLQJ 7KH ODUYDH XVHG LQ WKH ELRDVVD\V ZHUH
VWDUYHGIRUKRXUVEHIRUHWKHH[SHULPHQWV
%LRDVVD\VSURWRFRO
%LRDVVD\V ZHUH SHUIRUPHG E\ IHHGLQJ LQVHFWV
)LJXUH&KHPLFDOVWUXFWXUHVRIR[DGLD]RO\O+S\ULGD]LQRQH2'3DQGWRRVHQGDQLQ
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH OHDYHV GLSSHG LQ WKH WHVW FRPSRXQGV ,VPDQ
 )UHVK PDL]H VHHGOLQJ OHDYHV ZHUH FRDWHG
ZLWK GLIIHUHQW FRQFHQWUDWLRQ RI WHVW FKHPLFDOV DLU
GULHG DQG IHG WR WKH ODUYDH &RQWURO OHDYHV ZHUH
WUHDWHG ZLWK GLPHWK\OIRUPDPLGH DQG ZDWHU
FRQWDLQLQJ 7ULWRQ ;ï  PO OLWHUï DQG DLU
GULHG 7KH H[SHULPHQWDO FRQGLWLRQV ZHUH WKH VDPH
DVWKHUHDULQJFRQGLWLRQV
$VVD\VRIODUYDOJURZWK
7KLUG LQVWDU ODUYDH DQG VL[WKLQVWDU ODUYDH ZHUH
XVHG IRU H[SHULPHQWDO WUHDWPHQWV WR WHVW WKH HIIHFW
RI 2'3 RQ WKH SURFHVV RI ODUYDO JURZWK 7KLUG
LQVWDU ODUYDH ZHUH IHG ZLWK WKH GUXJFRDWHG OHDYHV
IRU  KRXUV WKH WUHDWHG OHDYHV ZHUH WKHQ
UHPRYHG DQG UHSODFHG ZLWK IUHVK XQWUHDWHG OHDYHV
XQWLO WKH ODUYDH SXSDWHG 7KH ODUYDO SHULRG DQG WKH
SURILOHV RI ODUYDO JURZWK VXFK DV SUHSXSD SXSD
DGXOW HFORVLRQ DQG VXEVHTXHQW RYLSRVLWLRQ ZHUH
FRXQWHG 6L[WKLQVWDU ODUYDH KRZHYHU ZHUH IHG
RQO\ ZLWK WKH FRDWHG OHDYHV WKH ZHLJKW JDLQV ZHUH
UHFRUGHG HYHU\  KRXUV XQWLO WKH ODUYDH SXSDWHG
%RWK RI WKH DVVD\V ZHUH UHSHDWHG ILYH WLPHV IRU
HDFK FRQFHQWUDWLRQ ZLWK D PLQLPXP RI  ODUYDH
SHUUHSOLFDWH
0LGJXWHQ]\PHSUHSDUDWLRQV
0LGJXWV GLVVHFWHG IURP ILIWKLQVWDU ODUYDH ZHUH
KRPRJHQL]HG LQ LFHG QRUPDO VDOLQH VROXWLRQ
FRQWDLQLQJ  PM 1D&O DQG PM &D&O 
ƫOPLGJXW DQG FHQWULIXJHG DW  [ J & IRU
 PLQ 7KH VXSHUQDWDQW ZDV ILOWHUHG WKURXJK D
 ƫ QLWURFHOOXORVH PHPEUDQH ILOWHU WR UHPRYH
VPDOO VXVSHQGHG SDUWLFOHV DQG EDFWHULD DQG XVHG
IRU VWXGLHV RI HQ]\PHV %HUJPH\HU  /L HW DO

$VVD\VRIJURVVSURWHDVHDFWLYLW\
*URVV SURWHDVH DFWLYLW\ ZDV PHDVXUHG DV GHVFULEHG
E\ %HUJPH\HU  7KH  PO UHDFWLRQ PL[WXUH
FRQVLVWHG RI  PO HQ]\PH VDPSOH DQG  PO 
M SKRVSKDWH EXIIHU S+  FRQWDLQLQJ 
JY FDVHLQ $IWHU LQFXEDWLRQ DW & IRU  PLQ
 PO WULFKORURDFHWLF DFLG  JY ZHUH DGGHG
WR VWRS WKH UHDFWLRQ 7KH VROXWLRQ ZDV FHQWULIXJHG
DW  [ J IRU  PLQ DQG  PO RI WKH
VXSHUQDWDQW ZDV UHPRYHG DQG PL[HG ZLWK  PO
 M VRGLXP FDUERQDWH VROXWLRQ $Q
DQDORJRXVO\ WUHDWHG VDPSOH ZLWKRXW FDVHLQ ZDV
XVHG DV FRQWURO 7KH FRORXU GHYHORSPHQW DV D
UHVXOW RI W\URVLQH IRUPDWLRQ ZDV PHDVXUHG DW 
QP 7KH HQ]\PH DFWLYLW\ ZDV FDOFXODWHG IURP D
W\URVLQHVWDQGDUGFXUYH
$VVD\VRIWU\SVLQHOLNHHQ]\PHDFWLYLW\
)RU ZHDN DONDOLQH WU\SVLQHOLNH HQ]\PH DQG
FK\PRWU\SVLQOLNH HQ]\PH DVVD\V WKH DFWLYLWLHV
ZHUH PHDVXUHG XVLQJ PHWKRGV GHVFULEHG E\
&DPSEHOO HW DO  7RV\O/DUJLQQLQH PHWK\O
HVWHU DQG EHQ]R\O/W\URVLQH HWK\O HVWHU ZHUH XVHG
DV VXEVWUDWHV IRU WKHLU DFWLYLWLHV UHVSHFWLYHO\ 7KH
DFWLYLW\ RI ERWK HQ]\PHV ZDV GHWHUPLQHG E\
FKDQJHV LQ DEVRUEDQFH DW  QP IURP EHJLQQLQJ
WRHQGRIWKHUHDFWLRQ
$VVD\VRIDOSKDDP\ODVHDFWLYLW\
$OSKD DP\ODVH DFWLYLW\ ZDV PHDVXUHG ZLWK
GLQLWURVDOLF\OLF DFLG XVLQJ VROXEOH VWDUFK DV
VXEVWUDWH 1DJDUDMX HW DO  ,VKLPRWR 
 PO RI HQ]\PH VDPSOH ZDV SUHLQFXEDWHG DW
& IRU  PLQ SULRU WR WKH DGGLWLRQ RI  PO
PM 3%6 S+  EXIIHU FRQWDLQLQJ  VROXEOH
VWDUFK  PM 1D&O DQG  PM &D&O $IWHU
LQFXEDWLRQ IRU  PLQ WKH UHDFWLRQ ZDV WHUPLQDWHG
E\ WKH DGGLWLRQ RI  PO GLQLWURVDOLF\OLF DFLG
UHDJHQW  JY IROORZHG E\ ERLOLQJ IRU  PLQ
LQ D ZDWHU EDWK $IWHU DGGLWLRQ RI  PO ZDWHU WKH
VROXWLRQ ZDV PL[HG DQG DOORZHG WR VWDQG DW URRP
WHPSHUDWXUH IRU  PLQ $EVRUEDQFH ZDV
PHDVXUHG DW  QP 0DOWRVH K\GUDWH ZDV XVHG DV
VWDQGDUG
3URWHLQGHWHUPLQDWLRQ
3URWHLQ FRQWHQW ZDV GHWHUPLQHG E\ WKH %UDGIRUG
PHWKRG XVLQJ ERYLQH VHUXP DOEXPLQ DV WKH
VWDQGDUG%UDGIRUG
'DWDDQDO\VLV
$OO GDWD ZHUH VXEMHFWHG WR DQDO\VLV RI YDULDQFH
$129$ DQG PHDQV VHSDUDWHG XVLQJ WKH
7XNH\.UDPHU VWDWLVWLFDO WHVW 7KH OHYHO RI




7KLV VWXG\ VKRZHG WKDW WKH LQFRUSRUDWLRQ RI 2'3
LQWR WKH GLHW KDG D VLJQLILFDQW HIIHFW RQ ERWK
JURZWK LQKLELWLRQ DQG GLUHFW WR[LF HIIHFWV DIWHU
LQJHVWLRQ 7KH PHGLDQ HIIHFWLYH FRQFHQWUDWLRQ
(& RI 2'3 ZLWK D QHJDWLYH HIIHFW RQ WKH
JURZWK RI WKH WKLUG LQVWDU ODUYDH RI P. separata
ZDV    PJ OLWUHï $ VXEOHWKDO GRVH RI 
PJ OLWUHï 2'3 FDXVHG VORZHU GHYHORSPHQW DQG D
SURORQJHG ODUYDO SHULRG VPDOOHU ERG\ VL]H DQG
VOXJJLVK EHKDYLRU 7DEOH  7KH OHQJWK RI ODUYDO
SHULRGV RI P. separata IHG ZLWK GUXJFRDWHG PDL]H
OHDYHV VKRZHG WKDW WKH HIIHFWV RI 2'3 ZHUH
FRPSDUDEOH ZLWK WKH UHVXOWV RI WRRVHQGDQLQ
WUHDWPHQWV
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH 7DEOH/DUYDOSHULRGVRI P. separata ODUYDHIHGZLWKGUXJFRDWHGPDL]HOHDYHV
/DUYDOSHULRGVGD\
7UHDWPHQWV &RQFHQWUDWLRQPJ/ï 7KLUGLQVWDU WYDOXH )RXUWKLQVWDU WYDOXH
2'3     
7RRVHQGDQLQ     
























2'3   E  E E E 
7RRVHQGDQLQ   E  E D E 
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0HDQVIROORZHGE\WKHVDPHOHWWHULQWKHVDPHFROXPQDUHQRWVLJQLILFDQWO\GLIIHUHQWP
7DEOH3URWHDVHDFWLYLW\LQWKHPLGJXWRIILIWKLQVWDU P. separata ODUYDHDIWHUIHHGLQJZLWKPJOLWUHï
GUXJFRDWHGPDL]HOHDYHV
&KHPLFDOV ,QFXEDWLRQWLPHK :HDNDONDOLQHWU\SVLQHOLNHHQ]\PH &K\PRWU\SVLQOLNHHQ]\PH *URVVSURWHDVH
 E E E
2'3
 F F E
 D D D
7RRVHQGDQLQ




P. separata ODUYDH in vitro







(IIHFW RQ JURZWK DQG GHYHORSPHQW E\
GLVFRQWLQXRXV2'3IHHGLQJ
7KLUG LQVWDU ODUYDH SRSXODWLRQV WKDW ZHUH IHG ZLWK
IUHVK XQWUHDWHG PDL]H OHDYHV DIWHU DQ LQLWLDO 
KRXUV H[SRVXUH WR WUHDWHG OHDYHV DOVR ZHUH
VHQVLWLYH WR ERWK 2'3 DQG WRRVHQGDQLQ
WUHDWPHQWV 7KHVH SRSXODWLRQV VKRZHG GHOD\HG
SXSDWLRQ DQG D UHGXFHG HFORVLRQ UDWH RI SXSDH
DQG DGXOWV 0RUHRYHU WKH WUHDWPHQWV VOLJKWO\
GHFUHDVHG WKH IHFXQGLW\ RI P. separata %XW WKH
ZHLJKW RI SXSDH LQ ERWK WUHDWHG JURXSV ZDV
REYLRXVO\ KLJKHU WKDQ WKDW RI WKH FRQWURO
P 7KLV PD\ EH DWWULEXWHG WR D GHFOLQH RI
WKH FRPSRXQG¶V DQWLIHHGLQJ HIIHFWV 7DEOH 
)XUWKHUPRUH HIIHFWV RI ERWK WUHDWPHQWV VKRZHG
QR REYLRXV GLIIHUHQFH RQ WKH ORQJHYLW\ RI DGXOWV
DQG WKH KDWFKLQJ UDWH RI HJJV DV FRPSDUHG WR WKH
FRQWURO P 7KH GDWD LQGLFDWHG WKDW WKH
UHJXODWRU\ DFWLRQ RI 2'3 RQ ODUYDO JURZWK
GHYHORSPHQW ZDV VLPLODU WR WKDW RI WRRVHQGDQLQ
%RWK 2'3 DQG WRRVHQGDQLQ GHFUHDVHG WKH
LQFUHDVLQJUDWHRIWKHH[SHULPHQWDOSRSXODWLRQV
(IIHFW RQ JURZWK DQG GHYHORSPHQW E\
FRQWLQXRXV2'3IHHGLQJ
$IWHU UHDULQJ RQ WKH  PJ OLWUHï GUXJFRDWHG
PDL]H OHDYHV ZHLJKW RI VL[WK LQVWDU ODUYDH
LQFUHDVHG ZLWK IHHGLQJ WLPH LQ ERWK GUXJ
WUHDWPHQWV DQG WKH FRQWURO )LJXUH  7KH
PD[LPXP LQKLELWLRQ E\ 2'3 UHDFKHG D PD[LPXP
RI    SHUFHQW DW  KRXUV P
3XSDWLRQ RI 2'3WUHDWHG ODUYDH ZDV GHOD\HG
DERXW    KRXUV UHODWLYH WR WKH FRQWURO
P EXW HFORVLRQ RI SUHSXSDH ZDV QRW
DIIHFWHG 7RRVHQGDQLQ DOVR LQKLELWHG WKH ODUYDH
ZHLJKW JDLQ ZKHUHDV  PJ OLWUHï WRRVHQGDQLQ
WUHDWPHQWV SURPRWHG HPHUJHQFH RI SUHSXSD
DERXW  KRXUV DKHDG RI WKH FRQWURO DQG HYHQ
NHSW WKH ODUYDH SHUPDQHQWO\ LQ WKH ODUYDO VWDJH
LQVWHDG RI SXSDWLQJ ,W LV NQRZQ WKDW WKH
GHYHORSPHQW HIIHFW RI WRRVHQGDQLQ FRXOG PRGLI\
KDHPRO\PSK HFG\VWHURLG WLWUHV LQ ODUYDH SXSDO
VWDJH LQ WKH VDPH PDQQHU DV D]DGLUDFKWLQ
0RUGXH HW DO  <DQJ HW DO  7KLV
VXJJHVWV WKDW 2'3 PLJKW LPSDLU WKH ODUYDO JURZWK
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH )LJXUH:HLJKWJDLQRIVL[WKLQVWDU P. separata ODUYDHDIWHUFRQWLQXRXVIHHGLQJZLWKPJ/ï GUXJFRDWHG
PDL]HOHDYHVXQWLOSXSDWLRQ
E\ LQWHUIHULQJ ZLWK WKH HQGRFULQH V\VWHP LQ
LQVHFWV
(IIHFWRQODUYDOPLGJXWSURWHDVHDFWLYLW\
7KH PHFKDQLVP RI JURZWK LQKLELWLRQ LQ LQVHFWV
JLYHQ LQKLELWRUV LQ WKHLU GLHW PD\ QRW DOZD\V EH
GXH WR WKH UHGXFWLRQ RI HQ]\PH DFWLYLWLHV LQ WKH
JXW 6ODQVN\ HW DO  +RZHYHU H[SRVXUH WR
2'3 LQ ODUYDO GLHWV DIIHFWHG SURWHDVH DFWLYLW\ LQ
WKH PLGJXW RI ILIWK LQVWDU ODUYDH 7DEOH   PJ
OLWUHï 2'3 FDXVHG D VWDWLVWLFDOO\ VLJQLILFDQW
DFWLYDWLRQ RI ZHDN DONDOLQH WU\SVLQHOLNH HQ]\PH
DQG FK\PRWU\SVLQOLNH HQ]\PH DFWLYLW\ DW 
KRXUV EXW JUDGXDOO\ EHFDPH DQ LQKLELWRU DW 
KRXUV 1R VWDWLVWLFDOO\ VLJQLILFDQW GLIIHUHQFHV LQ
DFWLYLWLHV RI JURVV SURWHDVH ZHUH REVHUYHG DV
FRPSDUHG WR WKH FRQWUROV P 7KH UHVXOWV
VXJJHVWHG WKDW 2'3 FRXOG UHJXODWH WKH SURWHLQ
GHJUDGDWLRQ LQ WKH PLGJXW DQG WKHUHE\ FDXVH
UHGXFHG QXWULHQW LQWDNH WKDW FRXOG LQKLELW ODUYDO
JURZWK 7KLV UHGXFHG HIILFLHQF\ RI XWLOL]DWLRQ RI
GLJHVWHG IRRG DQG SHUKDSV WKH VKRUWDJH RI
HVVHQWLDO DPLQR DFLGV PD\ OHDG WR LQFUHDVHG FRVWV
DVVRFLDWHG ZLWK JURZWK %RDUGZD\ HW DO 
7LPPLQV HW DO  7RRVHQGDQLQ DOVR HQKDQFHG
WKH ODUYDO SURWHDVH DFWLYLW\ DQG LWV HIIHFW JUDGXDOO\
GHFUHDVHG ZLWK WKH IHHGLQJ WLPH DV ZHOO +RZHYHU
LW GLG QRW FKDQJH WR LQKLELWLRQ RI WKH ODUYDO
SURWHDVHVDFWLYLW\
(IIHFW RQ ODUYDO PLGJXW DOSKD DP\ODVH
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